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Description

Pharmaceutical formulations for oral administration

Technical Field

This invention relates to pharmaceutical formulations for oral

5 administration and, in particular, to pharmaceutical formulations

containing drugs known to cause gastrointestinal damage or irritation

as a negative side effect and which formulations have minimal

gastrointestinal irritancy.

Background Art

10 A major side effect of certain drugs, including non-steroidal

anti-inflammatory agents (NSAIDs), when administered orally is that

they cause gastrointestinal irritation (Insel, P.H., Goodman and

Gilman's The Pharmacological Basis of Therapeutics, 8th Edition,

1990, 638-681; Relative safety of oral non-aspirin NSAIDs, Current

15 Problems in Pharmacoviligance, Vol 20, August 1994). One such

NSAID is diclofenac, usually administered as its sodium salt, diclofenac

sodium. Diclofenac is usually given two to three times daily for acute

therapy in the form of fast acting formulations for an immediate effect.

However, for long-term therapy once-daily or twice-daily sustained

20 release formulations are desirable.

NSAIDs are widely used as therapeutic agents. They are used as

general pain killers for short-term therapy and they are also used in the

treatment of long-term painful and inflammatory chronic conditions

such as rheumatoid arthritis and related conditions. In the former case

25 immediate, rapid release and absorption are required, whereas in the

latter conditions the maintenance of continuous plasma levels is desired.

Whether the NSAIDs are used for short-term or long-term therapy

their use is likely to be accompanied by gastrointestinal irritation as

hereinabove described.
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It is known that the gastrointestinal irritation caused by NSAIDs
is in part due to local actions of the drugs following ingestion and that

the particular dosage form or formulation can significantly affect the

nature and intensity of the side effects caused thereby. There is an on-

5 going and considerable interest in the development of new
formulations, for short-term or long-term use, which will lead to an

alleviation of these side effects.

Milk is often recommended to be co-administered with NSAIDs
to reduce their irritancy.

10 Casein, a milk protein, has been commercially extracted and

widely used in industry for most of the 20th century.

Most of the documented pharmaceutical applications of casein are

related to its nutritional properties. Thus, it has been used in tonic

foods in the treatment of convalescent and under-nourished patients, in

15 dietary foods and drinks for meal replacement, for weight reduction

and in high protein supplements. However, the potential of casein in

the pharmaceutical industry in not confined to food uses and there are

references in the literature which indicate that casein and caseinates can

be used as excipients in dosage forms and as drug carriers.

20 Casein has been included in a slow release preparation containing

nifedipine and a material such as magnesium silicate which is enteric

coated and encapsulated (Japanese Patent No. 90046008).

It has been reported (Millar, RC. and Corrigan, 0.1. (1991),

Drug Dev. Ind. Pharm., 77, 1593-1607) that solid dispersions of highly

25 crystalline drugs such as chlorothiazide with the phosphoprotein

sodium caseinate (NAC) have enhanced dissolution rates. The
dissolution characteristics of casein-ibuprofen compacts, over a range

of compositions, in phosphate buffer have been investigated. Both the

salt (sodium caseinate) and the acid form (acid casein) of the protein

30 were investigated. The dissolution rate of acid casein was half that of

the salt form. The differences observed for the respective forms were
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attributed partly to pH differences occurring in the aqueous boundary

layers- the pH values being lower in acid casein systems, and partly due

to rheological differences. For example, acid casein resulted in more

viscous solutions and more rigid gels at a given concentration than

5 sodium casemate (Millar, RC. and Corrigan, O.L (1993), Int. J.

Pharmaceutics 92, 97-104).

EP-A 0 282 020 describes pharmaceutical preparations for oral

administration in the form of tablets, granules, capsules and dry syrups,

which comprise an acidic NSAID having a mean particle size of 100

10 Jim or less, to achieve the desired solubility, and a protein hydrolysate

or a polypeptide each having a mean molecular weight of 4,000 -

12,000, which preparations are found to achieve high bioavailability of

the NSAID. The NSAIDs are indicated to be of the phenylpropionic

acid series such as ibuprofen, of the salicylic acid series such as aspirin

15 or of the anthranilic acid series such as mefenamic acid. Typical

protein hydrolysates are those of gelatin and casein i.e. not molecular

gelatin or casein.

In EP-A 0 282 020 tablets are indicated to be the most suited

form of administration in view of patient compliance and it is also

20 stated that tablets comprising the acidic NSAID, which is absorbed

rapidly, are desired. The preparations in addition to exhibiting high

bioavailability are also indicated to have a high absorption rate and a

reduced oral irritation when administered. This reduced irritation

refers to the organoleptic properties of the preparations as illustrated in

25 Table 4 and not local irritation in the gastrointestinal tract. The

preparations of EP-A 0 282 020 were developed so as to achieve acidic

NSAID preparations having immediate analgesic and antipyretic effects

and having decreased side effects when so used.

The preparations of EP-A 0 282 020 because they are fast acting

30 are not appropriate for long-term therapy
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There is a requirement for controlled release type products in

the case of the long-term use of NSAIDs and other drugs that cause

local irritation in the gastrointestinal tract.

Controlled/sustained release formulations containing diclofenac

5 sodium compressed with cellulose derivatives, for example, cellulose

ethers, are known (Vandelli, M.A. et al (April 16-19, 1994, the

Netherlands) Third European Symposium on Controlled Drug Delivery

264-268). The cellulose derivatives are used to control the release of

diclofenac sodium. However, the release profiles are non-linear

10 showing a continuously declining rate of drug release. Conventional

diclofenac formulations contain diclofenac in the sodium salt form

because it is more soluble in this form than the acid form and,

therefore dissolves more rapidly and is likely to be absorbed quicker

and more completely. The acid form of the drug is less soluble and

15 consequently has a greater potential to be incompletely absorbed.

However, we have demonstrated, as hereinafter described, that the salt

form of the drug is more irritant to the gastrointestinal tract than the

acid form.

Difene as 100 mg capsules is a trade mark for a diclofenac

20 sodium sustained release pellet drug delivery system marketed by

Klinge Pharma and Co.

Sustained release diclofenac sodium tablets (75 mg and 100 mg)

are marketed by Geigy Pharmaceuticals under the trade mark Voltarol

Retard.

25 In situations where release from a dosage form is the rate

determining step controlling the absorption of a drug, then linear drug

release profiles, reflecting constant release rate or, indeed, release

profiles with positive curvatures are most likely to give a constant

blood level, namely a low peak to trough ratio and also low

30 concentrations of the released drug in the gastrointestinal tract.
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It is an object of the present invention to provide pharmaceutical

formulations for oral administration, which exhibit reduced

gastrointestinal damage and irritation relative to known formulations.

It is also an object of the present invention to provide

5 pharmaceutical formulations for oral administration which enable one

to achieve an improved drug release profile relative to said known
formulations, whereby one can achieve optimal blood levels with

minimal gastrointestinal irritation in long-term or short-term therapy.

Disclosure of Invention

10 Accordingly, the invention provides a pharmaceutical

formulation for oral administration which reduces the local

gastrointestinal irritating effects of an active ingredient known to

exhibit such effects, which comprises said active ingredient dispersed in

a milk protein.

15 The pharmaceutical formulations according to the invention are

designed to exhibit a cytoprotective effect in the gastrointestinal tract.

By active ingredient herein is meant one or more active

ingredients with the indicated gastrointestinal irritating effects.

Alternatively, when a mixture of active ingredients is used, it will

20 suffice that one such active ingredient exhibits gastrointestinal irritating

effects.

Preferably, the milk protein has a molecular weight in the range

19,000 - 25,000.

More particularly, the milk protein is casein or an alkali metal

25 salt thereof. An especially preferred milk protein is sodium caseinate.

Another suitable milk protein constituent is a whey protein

comprised of B-lactoglobulin and cc-lactalbumin produced by subjecting

pasteurised whey to selective ion exchange. A suitable such whey
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protein is one marketed by Bio-Isolates Pic, Swansea, U.K. under the

trade name BiPRO (Bio-Isolates Protein). Similar whey proteins are

obtainable from An B6rd Bainne (The Irish Dairy Board).

The invention also provides controlled released pharmaceutical

5 formulations for oral administration, wherein the active ingredient and

the milk protein as herein defined are dispersed in a cellulose ether.

The controlled release pharmaceutical formulations according to

the invention give an improved drug release profile relative to

conventional controlled/sustained formulations, in particular NSAID
10 formulations, so as to provide formulations for once- or twice-daily

administration.

The cellulose ether is suitably a hydroxypropylmethylcellulose

(HPMC).

Especially suitable cellulose ethers are those sold under the trade

15 mark METHOCEL, especially those complying with USP 2208 and

USP 2910. An example of such a cellulose ether is METHOCEL
K100LV, a 2% aqueous solution of which has a nominal viscosity of

the order of 100 cps.

However, the type and amount of HPMC used is dependent on a

20 number of factors, including the drug, the dose and the type of delivery

system used.

The active ingredient is suitably an NSAID.

The NSAID is any NSAID which has the disadvantages set out

above. However, the invention will be described hereinafter with

25 respect to two NSAIDs, namely diclofenac or the sodium salt thereof

and ibuprofen (Example 6).

Studies have been carried out by us which show that the acid

form of diclofenac seems to have a less irritant effect on the
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gastrointestinal tract than the sodium salt using the rabbit colonic

method; consistent with the findings of Fara, J.W. and Myrback, R.E.,

((1990); Pharm.Res., 7, 616). We have observed in our studies in

rabbits that the inclusion of solid sodium caseinate with diclofenac can

5 reduce the relative irritancy of diclofenac containing products versus

controls as hereinafter described in Example 4.

We have also observed in studies in rats that diclofenac increases

the apparent permeability of the absorption marker polyethylene glycol

(PEG), an effect consistent with membrane damage and irritancy.

10 However, the presence of sodium caseinate in formulations in

accordance with the invention eliminates this permeability

enhancement, without affecting the absorption of drug, as hereinafter

described in Example 5.

The controlled release formulation according to the invention

15 can take various forms, provided that it exhibits a substantially linear

or positively curved release profile of the active ingredient and confers

a cytoprotective effect in the gastrointestinal tract.

The pharmaceutical formulation according to the invention can

take many forms.

20 Thus, the formulations according to the invention can be in the

form of single matrix units such as tablets or matrix-type granules,

namely multiparticulate formulations. Such formulation types are

known per se. These formulations can be prepared generally by

mixing and compression, granulation processes, which may require

25 additional conventional excipients essential for the granulation process,

spray drying or freeze drying the components together. Polyphase

particulates are packed into capsules or compressed with suitable

auxiliary agents into disintegrating tablets which release the matrix

granules. The multiparticulate formulations according to the invention

30 may be formulated as reconstitutible powders or granulates for

suspension prior to administration or they may be formulated as non-

aqueous suspensions.
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Other suitable dosage forms include, for example, soft gelatin

capsules.

It will be appreciated that the pharmaceutical formulations

according to the invention can also be formulated as rectal delivery

5 systems.

In our studies, sodium caseinate systems gave the best shaped

release profiles. Although not wishing to be bound by any theoretical

explanation of any aspect of the invention, it is postulated that the

sodium salt of casein gives a local solubility enhancing effect and/or

10 buffering effect within and in the vicinity of the dosage form as the

dosage form takes up the dissolution medium. The caseinate may also

influence the hydration rate, pore structure or gel structure of the

matrix in a manner appropriate for linear release. Milk proteins of the

casein type have a unique ability to form high molecular aggregates

15 with slower diffusion in solution. Accordingly, this ability may be

involved in influencing or controlling drug release from the

formulation matrices. Such aggregates or micelles would be destroyed

by enzyme hydrolysis and would not be a feature of casein hydrolysates

of the type described in EP-A 0 282 020 described above. The

20 molecular components of casein have molecular weights in the range

19,000 - 25,000, while the molecular weights of the hydrated casein

micelles are much larger (McMahon, D.J., and Brown, R.J., (1984);

Journal of Dairy Science, 67 499).

Brief Description of Drawings

25 Fig. 1 is a graph of dissolution (%) versus time (min.) for a

formulation according to the present invention prepared in

accordance with Example 1 relative to two conventional

sustained release formulations;

30

Fig. 2 is a graph of dissolution (%) versus time (min.) for a

formulation according to the present invention prepared in
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accordance with Example 2 relative to a formulation containing

no milk protein;

Fig. 3 is a graph of dissolution (%) versus time (min.) for

formulations according to the present invention prepared in

5 accordance with Examples 1 and 3;

Fig. 4 is a graph of the ratio of test irritation score to

corresponding control irritation score for a number of

formulations described in Example 4; and

Fig. 5 illustrates the effect of diclofenac and sodium caseinate on

10 the apparent permeability coefficient of PEG 4000 through the

rat intestinal mucosa as described in Example 5.

Modes for Carrying Out the Invention

The invention will be further illustrated with reference to the

accompanying Examples.

15 Example 1

A sustained release unit matrix dosage form of diclofenac (acid)

exhibiting a controlled release of diclofenac over a five hour period

was prepared from the following ingredients in the indicated

proportions:

20 Ingredient Proportion %

Diclofenac acid 50.000
Sodium caseinate 24.375
HPMC K100LV 24.375
Magnesium stearate 1 .250

Discs prepared from the above ingredients containing 100 mg of

drug were compressed directly using 1.3 cm diameter punches. The
diclofenac (acid) was obtained from Heumann Pharma GmbH,
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Nuremberg, Germany and the sodium caseinate was obtained from An
B6rd Bainne (The Irish Dairy Board).

The dissolution of the discs thereby prepared was determined

according to the Paddle Method of U.S. Pharmacopoeia XXIII (USP

5 XXIII) in 500 ml phosphate buffer at pH 7.3. and 100 r.p.m. and

compared with the sustained release diclofenac sodium products sold

under the trade marks Difene S.R. and Voltarol Retard. The results

are indicated in Fig. 1. In Fig. 1 curve a) represents the formulation

according to the invention, curve b) represents Difene S.R. (100 mg);

10 and curve c) represents Voltarol Retard (100 mg).

It will be evident from Fig. 1 that a much more constant release

was obtained for the formulation in accordance with the invention

relative to the commercial products studied.

Example 2

15 Example 1 was repeated except that the HPMC used was HPMC
K15M. The discs -discs "X" so prepared were compared with discs -

discs
!,

Y" having the following composition:

Ingredient Proportion %

Diclofenac acid 50.00
20 HPMC K15M 48.75

Magnesium stearate 1 .25

The results are indicated in Fig. 2. In Fig. 2 curve a) represents

discs X and curve b) represents discs Y.

It will be observed that a more constant and linear release was

25 obtained for the formulation in accordance with the invention relative

to discs Y which lack sodium caseinate. Beyond 100 min., the curve

for formulation X curves upwards indicating an increase in release rate

in contrast to formulation Y which curves downwards indicating a

decreasing rate of drug release.
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Example 3

Example 1 was repeated so as to prepare discs having the

following composition:

Ingredient Proportion %

5 Diclofenac acid 33.33

Sodium casemate 32.50
HPMC K100LV 32.50
Magnesium stearate 1 .66

The discs so prepared containing 100 mg of active ingredient

10 were compared with the discs prepared in Example 1. The results are

indicated in Fig. 3. In Fig. 3 curve a) represents the formulation of

Example 1 and curve b) represents the formulation of the present

Example.

It will be observed that in each case a constant, substantially

15 linear release of active ingredient was obtained, release being more

delayed with the inclusion of greater amounts of sodium caseinate and

HPMC relative to diclofenac.

Example 4

Fara, J.W. etal ((1988) Pharm. Res. 5, 165-171) have compared

20 the Carlborg-Densert cat oesophagus model (Carlborg, B., and

Densert, 0., (1980); Eur. Surg. Res. 12: 270-282), the Alphin

Droppleman cat gastric mucosa model (Alphin, R.S., and Droppleman,

D.A., (1971); IPharm. ScL, 60: 1314-1316) adapted for dog intestine

and the same model adapted for the rabbit colon. These authors found

25 the rabbit colon model to be a sensitive and reproducible means for

evaluating the topical effect of up to three substances simultaneously

applied to the colonic mucosa.
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This model involves exposure of the in situ colonic mucosa to

drugs for a fixed period of time with subsequent macroscopic and

histological examination.

The macroscopic and histological effects are scored on four and

5 eight point scales, respectively.

We have carried out an experiment on rabbit colon based on the

method of Fara, J.W., et al (\9%%)(supra) in which we investigated the

disc product prepared according to Example 1, a product containing

diclofenac 10% in a 20% gel in sodium casemate and the Klucel system

10 of Fara, J.W. and Myrback, R.E. (I990)(supra).

The results obtained are summarised in Fig. 4, where the

irritation score ratio (test/control) for formulations containing either

the acid or salt form of diclofenac are presented. When compared by

the method of Fara, J.W. and Myrback, R.E. (1990)(^wpra) (i.e. the

15 Klucel system) a significant difference in irritation was observed; the

acid form of the drug showing less irritation than the sodium salt form.

A similar trend is evident in the sodium caseinate containing products

i.e. the gel product (containing sodium caseinate as a 20% gel) and the

disc product prepared according to Example 1.

20 Example 5

The intestinal permeability marker, PEG 4000, was perfused

through the rat intestine using the single pass perfusion method

(Komiya, I., et al (1980); Int. J.Pharm., 4, 249-262). The effect of

diclofenac in the presence or absence of sodium caseinate on the

25 apparent permeability coefficient of the marker is shown in Fig. 5.

Diclofenac alone increased the permeability of the marker, whereas in

the presence of sodium caseinate the permeability coefficient of the

marker decreased. The significant reduction of the steady state marker

permeability coefficient (p<0.05) on inclusion of sodium caseinate is

30 consistent with a cytoprotective effect.



WO 99/03451 PCT/IE97/00049

13

Example 6

A study was carried out to compare the dissolution of the NSAID
ibuprofen in combination with either a caseinate hydrolysate as in the

case of EP-A 0 282 020 or sodium caseinate in accordance with the

5 invention. It was found that the release of ibuprofen from the casein

hydrolysate was much faster than the release of ibuprofen from sodium

caseinate, particularly in the initial stages of the release as shown in

Table 1.

Table 1

System Time (min) for % Release

5% 50% 95%
ibuprofen: sodium caseinate 6 23 55

ibuprofen: casein hydrolysate 0.5 3.25 18.5

10 Accordingly, it took 23 min. for 50% release from the sodium

caseinate system, but only 3.25 min. in the case of casein hydrolysate,

namely a seven fold difference in 'rate'. The inclusion of

hydroxypropylmethylcellulose in the formulation according to the

invention further reduces the rate of release.
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Claims :-

1 . A pharmaceutical formulation for oral administration

which reduces the local gastrointestinal irritating effects of an active

ingredient known to exhibit such effects, which comprises said active

5 ingredient dispersed in a milk protein.

2. A pharmaceutical formulation according to Claim 1,

wherein the milk protein has a molecular weight in the range 19,000 -

25,000.

3. A pharmaceutical formulation according to Claim 1 or 2,

10 wherein the milk protein is casein or an alkali metal salt thereof.

4. A pharmaceutical formulation according to Claim 3,

wherein the protein is sodium casemate.

5. A pharmaceutical formulation according to any preceding

claim, wherein the active ingredient and the milk protein are dispersed

15 in a cellulose ether.

6. A pharmaceutical formulation according to Claim 5,

wherein the cellulose ether is a hydroxypropylmethylcellulose.

7. A pharmaceutical formulation according to Claim 6,

wherein a 2% aqueous solution of the hydroxypropylmethylcellulose

20 has a nominal viscosity of the order of 100 cps.

8. A pharmaceutical formulation according to any one of

Claims 5-7, which exhibits a substantially linear release profile of the

active ingredient.

25

9. A pharmaceutical formulation according to any preceding

claim, wherein the active ingredient is a non-steroidal anti-

inflammatory drug (NSAID).
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10. A pharmaceutical formulation according to Claim 9,

wherein the NSAID is diclofenac or the sodium salt thereof.

11. A pharmaceutical formulation according to any preceding

claim, which is in the form of a single matrix unit.

5 12. A pharmaceutical formulation according to any one of

Claims 1-10, which is in the form of matrix-type granules.

13. A pharmaceutical formulation according to any one of

Claims 1-10, which is in the form of a powder or granulate.

14. A pharmaceutical formulation according to any preceding

10 claim, which contains one or more auxiliary agent(s).

15. A pharmaceutical formulation according to Claim 1,

substantially as hereinbefore described and exemplified.

15
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